Concentration of toxic metals in milk, especially in industrial regions, may serve as a direct bioindicator of the quality of milk and its products. But it can also function as an indirect indicator of contamination of the environment where milk is produced. The aim of the present study was to evaluate the content of some trace elements, i.e. Fe, Cu, Zn and Mn, as well as toxic elements (Cd and Pb) in milk from cows maintained on farms in three regions of Poland, including the production season as another aspect of the investigations. In total, 446 milk samples were analyzed. Significant influence of the season and production region on all the analyzed elements except Fe was noticed. Milk collected in the Biebrza and Bieszczady regions proved to be a richer source of Cu and Mn. Regardless of the production region, a higher content of Zn and Cu were observed in the summer, while more Mn was found in the winter milk. In none of the analyzed milk samples, Pb or Cd exceeded the permissible threshold.
INTRODUCTION
Essential metals, beside basic nutrients, have a vital role in the functioning of a human organism. They participate in numerous metabolic processes and regulate biochemical reactions; they appear as activators or components of some specific enzymes. Fe, Cu, Zn and Mn play a crucial role in protection of a human body against the negative effect of toxic free radicals (CASHMAN 2006 , SCHERZ, KIRCHOFF 2006 . But bovine milk also contains heavy metals, which reduce its nutritional value and pose a hazard to the human health. Pb and Cd prove to be the most widespread environmental toxicants found in milk (LICATA et al. 2004) .
The content of essential micronutrients and trace elements in milk depends mainly on external factors, i.e. given content of elements element content in soil, feed and water as well as its assimilability. To a lesser extent, concentration of mineral components is conditioned by factors related to secretion of milk, i.e. a cow's breed, stage of lactation, animal health (CASHMAN 2006 , DOBRZAÑSKI et al. 2005 , GABRYSZUK et al. 2010 , MALBE et al. 2010 , SOLA-LARRAÑAGA, NAVARRO-BLASCO 2009 , VIDOVIC et al. 2005 . Another important factor influencing the occurrence of trace elements, including toxic ones, is mainly of anthropogenic origin (DOBRZAÑSKI et al. 2005 , LICATA et al. 2004 . Some authors also point to the influence of a season and production region on the content of these elements (DOBRZAÑSKI et al. 2009 , ELSAYED et al. 2011 , LI-QIANG et al. 2009 , PATRA et al. 2008 , SOLA-LARRAÑAGA, NAVARRO--BLASCO 2009 ).
Milk and dairy products are staple components of a daily diet of contemporary consumers, especially children.Thus, it is crucial to monitor regularly milk quality, paying special attention toxic metals. Theirs concentration in milk, especially in industrial regions, may serve as a direct bioindicator of the quality milk and its products, but cal also be an indirect indicator of contamination in the environment where milk is produced (LICATA et al. 2004 , VIDOVIC et al. 2005 .
The aim of the present study was to evaluate the concentration of some trace elements (essential and potentially toxic ones) in milk of cows maintained on farms located in three regions of Eastern Poland, i.e. the Biebrza River region (a buffer zone of Biebrza National Park), the Bieszczady Mountains and the Lublin region. Additionally, two production seasons were taken into consideration.
MATERIAL AND METHODS
Milk samples were collected individually from each cow (daily milk) during the summer (June-August) and winter (December-February). The research included a total of 446 milk samples (Biebrza -134, Bieszczady -163 and Lublin -149) obtained from three areas in Poland (Figure 1 ). The Biebrza and Bieszczady regions are considered highly valuable nature areas and very attractive tourist destinations. They are unique in that the human interference with nature is almost negligible. Extensive milk production dominates in the farming practice in those regions, owing to large areas of available grasslands. In the Biebrza region the main cattle breeds are the Whiteback and Black-and-White cows, but in the Bieszczady Mountains the Simmental cows are reared. The nutrition of cows in spring relies mainly was on seasonal pasture forage comprising grasses and legumes supplemented with hay or straw. During the winter season, the animals were fed hay sillage, fodder beet with hay or straw additives. Milk samples from the Lublin region were obtained from intensive milk production farms maintaining the Simmental and Black and White cows. All year, the animals were given maize silage and hay silage, while in the summer their diet was supplemented with forage. On all the farms, dietary rations were enriched with nutritive fodder.
All analyses were performed in the Agroecological Central Laboratory of the University of Life Sciences in Lublin. All reagents were of analytical grade, with 65% HNO 3 and 70% HClO 4 of suprapure quality (POCh, Poland). The samples were wet-mineralized (Kjeldahl Flask Digestion) according to the official procedure AOAC 986.15 (AOAC 2000) . The content of microelements (Cu, Fe, Zn, Mn) was determined with the flame atomic absorption spectrometry technique using a SOLAR 939 spectrometer (Uni-cam). The content of Pb and Cd was established using the flameless atomic absorption spectrometry method in a SpectrAA 88OZ (Varian) spectrometer.
The results were analyzed statistically with the StatSoft Inc. Statistica ver.6 software (Statsoft INC. 2003 ) based on a two-factor analysis of variance, achieving mean values and standard deviation. Significance of differences between mean values was determined with Tukey's HSD test. 
RESULTS AND DISCUSSION
The results indicate significant differences between the seasons in the content of Zn, Cu and Mn in milk collected in the three regions. Higher concentrations of Zn and Cu, regardless of the production region, were noticed in the summer, and the content of Mn was higher in the winter season (Table 1) . Differences between the seasons (in favor of the summer) for the Zn content ranged from 0.426 mg L -1 to 0.753 mg L -1 , and for Cufrom 0.008 mg L -1 to 0.030 mg L -1 . Milk produced in the Bieszczady Mountains in the winter was characterized by twice as much Mn (0.132 mg L -1 ) as in the summer season (0.066 mg L -1 ). Seasonal differences in the Mn content did not occur in the other regions. Other authors also report seasonal variation in concentrations of the analyzed elements (ELSAYED et al. 2011 , GUSTAFSON et al. 2007 , RODRIGUEZ et al. 2001 , SOLA-LARRAÑAGA, NAVARRO--BLASCO 2009 ). Like in our study, higher levels of the elements, especially Cu and Zn, were found in milk obtained in the summer, i.e. from cows fed mainly pasture forage. A contrary result, i.e. higher concentrations of Cu and Zn in milk in winter, was obtained GÓRSKA and OPRZ¥DEK (2006) . The level of Zn ranged from 3.2 (in summer) to 3.7 mg L -1 (in winter), and Cufrom 0.048 to 0.050 mg L -1 , respectively. In another study conducted in Silesia by DOBRZAÑSKI et al. (2005) , milk of cows kept on pasture was characterized by more Cu (0.065-0.089 mg L -1 ) and less Zn (3.085-3.164 mg L -1 ) than in our investigations. The concentration of Mn, however, ranged from 0.051 mg L -1 in Upper Silesia to 0.102 mg L -1 in Lower Silesia.
In both analyzed seasons, a region influence on the content of mentioned microelements was also stated. In the winter season milk from Lublin region was characterized by the highest Zn content (4.764 mg L -1 ) at the lowest Cu content (0.032 mg L -1 ) and Mn (0.039 mg L -1 ). However, milk collected in the Biebrza region contained over twice, and in the Bieszczady over three times more of Mn, respectively: 0.084 mg L -1 and 0.132 mg L -1 . In the case of Cu level, the differences between regions were much lower. In all regions in the summer season Zn and Cu content changes were similar to the changes in the winter. Concentration of Zn ranged from 4.312 mg L -1 (Biebrza region) to 5.341 mg L -1 (Lublin region), and Cu from 0.040 mg L -1 (Lublin region) to 0.078 mg L -1 (Biebrza region). The differences in concentration of these elements in milk mainly may be due to their diverse content in a feed (DOBRZAÑSKI et al. 2005 , GABRYSZUK et al. 2010 , MALBE et al. 2010 , SCHERZ, KIRCHOFF 2006 . MALBE et al. (2010) shows the effect of balancing a ration for animals kept in conventional and organic farms on the content of elements in milk. Low Cu concentration in the milk of cows kept in the Lublin region may indicate a high level of Zn in the ration. According to many authors (ARANCIBIA et al. 2006 , LICATA et al. 2004 , Zn taken from a feed, interacting with the copper absorption system, reduces the Cu bioavailability. HOSNEDLOVA et al. (2005) point at a gradual increase 0 of Zn concentration in milk, at a simultaneously Cu level decrease and an increase of cows' milk yield. In SIMSEK et al. (2000) opinion, a content of Cu is largely conditioned by an environment influence. This element high concentration (0.77-1.20 mg kg -1 ), the authors noted in the milk from industrialized areas of Turkey. This is contrary to the results of own studies, in which showed higher levels of this element in the regions subjected to a small degree of human pressure, such as the Bieszczady and Biebrza regions.
The Fe content in milk was not found to have been affected by a region or production season, although the highest concentrations of this metal in milk were observed in the Bieszczady Mountains in summer (0.377 mg L -1 ) and the lowest -in the Lublin region in winter (0.188 mg L -1 ). Contradictory conclusions were presented by SOLA-LARRAÑAGA and NAVARRO-BLASCO (2009) the analyzed milk samples, but its content did not exceed the permissible limit, i.e. 0.010 mg L -1 (Commission Regulation 2006) . Milk from the Lublin region was characterized by the highest content of this element. Significant seasonal differences in the content of the analyzed heavy metals were observed only for Cd in milk of cows kept in the Bieszczady Mountains (summer -2.22 µg L -1 , winter -4.74 µg L -1 ). Taking into consideration that animal feed, and consequently milk, is contaminated by dusts, fumes and gases emitted by industry and road traffic, the present results may indicate less heavy pollution in the Biebrza region and the Bieszczady Mountains than near Lublin. It should be added that the Lublin region is an area put to the strongest anthropopressure. The urban sprawl and increasing traffic lead to elevated emission of harmful substances. Intensive agricultural production in this region also contributes to pollution of the natural environment.
Significant differences in concentrations of trace elements between regions were also found by DOBRZAÑSKI et al. (2009) . In milk produced on farms in Upper Silesia (contaminated region) significantly higher concentrations of Cu (0.659 mg L -1 ), Cd (7.39 µg L -1 ) and Pb (0.042 mg L -1 ) were observed compared to from Bystrzyca (ecologically clean area), i.e. 0.228 mg L -1 , 3.88 µg L -1 and 0.021 mg L -1 , respectively. It should be noted that the limit for lead content in milk was exceeded in both regions. According to the authors, such a high concentration of this element in milk from Lower Silesia, a region considered as environmentally clean, may be due to inadequate milking hygiene and the impact of airborne pollution from industrial areas.
Studies of other authors (ASLAM et al. 2011 , ELSAYED et al. 2011 , LICATA et al. 2004 , SOLA-LARRAÑAGA, NAVARRO-BLASCO 2009 , VIDOVIC et al. 2005 ) also indicate that the location of farms has a significant impact on the heavy metal content in milk. LICATA et al. (2004) , who evaluated bovine milk produced in various farms in Calabria (Italy), confirmed the Cd presence in only 3 out of 43 milk samples, where it equalled 1.14, 3.42 and 22.8 mg kg -1 . The Pb presence, however, was observed in all the samples but the recorded values, ranging from 0.1 to 9.92 mg kg -1 , did not surpass the permissible limit for this microelement. Low Cd concentration was also noticed in milk of cows maintained in the north of Serbia, where it oscillated from 0.001 up to 0.016 mg kg -1 (VIDOVIC et al. 2005) . In Pakistan (Faisalabad), the heavy metal residues in milk exceeded several-fold the permissible limits according to the European standards. The average content of Cd was 0.147 mg L -1 and Pb -19.972 mg L -1 (ASLAM et al. 2011) . Such high values, considered to be potentially dangerous to the health of animals and humans, were probably caused by contamination of soil and water.
Higher concentrations of Pb and Cd in milk are mainly due to the location of farms along roads or near factories and power plants (BILANDŽIAE et al. 2011 , ELSAYED et al. 2011 , LI-QIANG et al. 2009 , PATRA et al. 2008 , SIMSEK et al. 2000 . Several-fold higher Pb content was found PATRA et al. (2008) in milk of cows kept near zinc smelter and aluminum processing plants (0.85 mg L -1 ), compared to milk of cows kept in unpolluted areas (0.25 mg L -1 ). SIMSEK et al. (2000) observed similar concentrations of Pb in an industrial area (0.049 mg kg -1 ), and in areas with heavy traffic (0.032 mg kg -1 ). In studies conducted in Lithuania, permissible limits for both analyzed elements were not exceeded, although, similarly to our study, a higher content was reported in the winter season (VALIUKENAITE et al. 2006 ). In the previous research of KRÓL et al. (2006) , similar values of the concentration of both microelements were determined. The average Cd level varied from 0.002 mg L -1 in milk from Simmental cows to 0.006 mg L -1 in milk from Polish HolsteinFriesian Black and White cows, while the Pb content varied from 0.011 to 0.016 mg L -1 , respectively. Higher concentration of both elements was observed in milk obtained in the summer. The results obtained by ELSAYED et al. (2011) confirmed the significant influence of a season (P≤0.05) on the Pb content in milk. In the summer months, higher amounts of this element were found. There was no effect of a production season on the Cd content in milk.
CONCLUSIONS
In conclusion, it should be stated that the significant effect of a season and production region on the content of all the analyzed elements except Fe was noticed. Milk collected in the Biebrza and Bieszczady regions proved to be a richer source of Cu and Mn. Regardless of the production region, higher levels of Zn and Cu were observed in the summer season, and Mn was more abundant in the winter. The average concentration of Pb and Cd did not exceed the permissible limits. It should be underlined, however, that in all the analyzed milk samples the presence of both elements was observed, even in milk from the Biebrza and Bieszczady regions, which are commonly recognized as ecologically clean. Taking into consideration the fact that Pb and Cd accumulate in living organism, constant monitoring of these elements in milk and other food products seems advisable.
